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1. Introduction  

The Texas Water Development Board (TWDB) develops regional-scale groundwater availability 
models for all the major and minor aquifers of Texas. New groundwater availability models are 
under development at TWDB and cover four major aquifers namely, going from East to West, 
Trinity (Hill Country), Edwards Balcones Fault Zone, Edwards-Trinity (Plateau), and Pecos 
Valley Alluvium. The new models require estimates of recharge and stream baseflow conditions 
(or groundwater-surface water interactions). The study area covering the identified portions of 
these aquifers is shown below in Figure 1-1 through Figure 1-4 along with the various 
administrative boundaries. 

 
Figure 1-1: Project Study Area and Aquifers and the Included Counties 

The TWDB contracted with WSP USA in 2020 to conduct a study for estimating recharge and 
groundwater-surface water interactions for the identified aquifers in Central and West Texas. 
This report documents the methodology and results of the study to provide these estimates. The 
current project has two objectives to estimate: 1) groundwater recharge, and 2) stream baseflow 
conditions (or groundwater-surface water interactions) in the study area.  

In the Texas Aquifer Study, Anaya and others (2016), identified three aquifers in the study area- 
Edwards Balcones Fault Zone, Edwards-Trinity (Plateau), and Pecos Valley- as contributing 
more than 50 percent of the stream baseflow on an average annual basis. The fourth aquifer in 
the study area, Trinity (Hill Country) was found to contribute between 20 and 50 percent of 
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stream baseflow on an average annual basis. The values presented in the Texas Aquifer Study 
were based on numerical simulations conducted using the appropriate groundwater availability 
models for the study area, and on analyses of the available monitored streamflow data (Anaya 
and others, 2016). Previous investigations conducted in the study area have described various 
conceptual models and quantified both recharge as well as groundwater-surface water 
interactions (Muller and Price, 1979; Kuniansky, 1989; LBG-Guyton, 1994, 1995; Parsons, 
1999; Scanlon and others, 2000; Karst Conservation Initiative, 2011; Anaya and others, 2016).  
The techniques suggested and used for quantifying recharge, as well as groundwater-surface 
water interactions in these previous studies, varied from physical methods (field-measurements, 
isotopic, hydrogeochemical) to those utilizing numerical simulations such as in the groundwater 
availability models for the study area (Mace and others, 2000; Anaya and Jones, 2009; Jones and 
others, 2009; LBG-Guyton, 2013).  Data and effort required for employing field measurements 
are cumbersome, and the long-term recharge estimates employed from such techniques are 
available for the study area in the literature as cited above. 

 
Figure 1-2: Project Study Area and the Included Groundwater Conservation Districts 

Another important finding from the Texas Aquifers Study by Anaya and others (2016) was the 
identification of significant flows between aquifers in the study area, particularly in the Hill 
Country and Pecos Valley regions.  For example, the Edwards Trinity (Plateau) and Pecos Valley 
aquifers are in direct physical contact and potentially have significant inter-aquifer flow. Cross-
formational flow from the Edwards Trinity (Plateau) Aquifer and Trinity Aquifer to the Edwards 
(Balcones Fault Zone) Aquifer has also been evaluated in previous studies (Clark and Journey, 
2006; Wong and others, 2014). Inter-aquifer or cross-formational flow may sometimes be 
considered a recharge process for an aquifer. In the past, the project team has conducted 
investigations of cross-formational flow in the study area (LBG-Guyton, 1995).  However, it is 



Texas Water Development Board Contract Number 2048302455 
Estimates of Recharge and Surface Water - Groundwater Interactions for Aquifers in Central and West Texas 

3 

important to note that recharge is considered separately from cross-formational flow as defined 
by Mace and others (2001). Therefore, for the purpose of this study, we assumed recharge as the 
water percolating into the aquifer from precipitation and streamflow only and separate from 
cross-formational flow.  

 
Figure 1-3: Project Study Area and the Overlapping Regional Water Planning Area 

Recharge is often estimated as a parameter during model calibration such as in groundwater 
availability models.  Such an approach may result in misleading results, as shown by Ehtiat and 
others (2016). These findings present a unique challenge to the study's objective, especially in 
aquifers with a high degree of connectivity to surface waters, such as those in the study area.  
Recent studies also showed that distributed hydrological modeling provides better recharge 
estimates (LBG-Guyton, 2005; Dietsch and Wehmeyer, 2012; Ehtiat and others 2016). In 
addition, streamflow analysis (hydrograph separation and recession-curve displacement) 
methods are time-tested tools for conducting baseflow analysis and estimating groundwater-
surface water interactions. The technical approach developed by the project team is based on the 
premise that distributed hydrological modeling conducted along with streamflow analyses would 
provide the most appropriate results for this project.   
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